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GROUND-WATER CONDITIONS IN AMARGOSA DESERT, 
NEVADA-CALIFORNIA, 1952-87

By Kathryn C. Kilroy

ABSTRACT

Ground-water data collected in Amargosa Desert since 1952 are summarized and 
discussed with special attention to measurements made during 1986-87. Contour maps of 
predevelopment and current water tables, and a water-use map show the effects of long- 
term pumping, as well as the influence of subbasin structure and a regional flow system 
on water levels. Hydrographs for the Amargosa Farms area show significant water-level 
altitude declines during the 1970's and lesser declines during the 1980's. A venical- 
gradient map shows areas of upward flow potential associated with freshwater limestone 
deposits, outcrops of carbonate bedrock, and subbasin structures. In addition to recharge 
by upward flow from the regional ground-water system, recharge is indicated along 
intermittent streams that drain hydrographic areas to the north of the study area because 
ground-water temperatures near these streams are close to the average annual air tempera 
ture. Maps showing hydrogeology, basin-fill lithology, Bouguer gravity anomalies, and 
depth to water are included.

INTRODUCTION 

Purpose and Scope

The purpose of this report is to document the ground-water potentiometric surface in Amargosa 
Desert as of 1987, and to compile historical water-level data into a single document that will support 
ongoing and anticipated studies. Preliminary interpretation of water-level changes, vertical hydraulic 
gradients, and the effects of pumping on ground-water flow are also included.

Historical water-level measurements were compiled for wells that are part of four independent 
observation well networks. The networks include: (1) wells measured since 1955 by the Nevada Division 
of Water Resources in Amargosa Desert, (2) wells measured intermittently by the U.S. Geological Survey 
since 1962 in Amargosa Farms and Ash Meadows, (3) wells measured yearly since 1960 by the U.S. 
Geological Survey in Amargosa Desert, and (4) shallow wells constructed in 1983 at Franklin Lake playa 
by the U.S. Geological Survey. Additional water-level measurements from 19 deep (2,000 feet) boreholes 
recently drilled in sparsely populated areas of Amargosa Desert where water-level data were previously 
unavailable are also included. Water-level data collected during 1986-87 are presented in tabular form 
along with historical data from numerous sources.
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Description of Hydrographic Area

Amargosa Desert hydrographic area (figure 1) is bounded by consolidated rocks of the surrounding 
mountain ranges, and an arbitrary boundary along State Highway 95. Basin-fill material slopes southward 
from a high alluvial fan at 5,000 feet in the Bullfrog Hills, to a low of 1,900 feet where Amargosa River 
crosses the basin boundary into Greenwater Valley.

Amargosa Desert hydrographic area is a subbasin of the larger Death Valley drainage basin in southwest 
Nevada and southeast California in the Great Basin physiographic province (figure 1). Intermittent streamflow 
from the surrounding mountain ranges and five subbasins to the northeast discharges into Amargosa Desert via 
Amargosa River, Crater Flat Wash, Fortymile Wash, Rock Creek, and Amargosa Flat Wash. Surface-water 
outflow from Amargosa Desert occurs at the southern boundary of the basin into Greenwater Valley through 
Amargosa River. The river, which traverses Amargosa Desert, is a dry wash most of the year. The study area 
conforms with the boundaries of Amargosa Desert hydrographic area designated by Rush (1968), which is 
based on surface-water drainage basins. It encompasses about 896 mi 2 in Nye County, Nev., and 468 mi 1 
in Inyo County, Calif.

A regional ground-water flow system that includes part of Amargosa Desert discharges at Ash Meadows 
at the foot of the Resting Spring Range. The regional flow system includes a substantially larger area than 
Amargosa Desert. This regional system extends from Jackass Flats in the west to the Sheep Range in the east, 
and at least 60 miles to the north of Amargosa Desert (Winograd and Thordarson, 1975).

Previous Work

Studies of the hydrogeology of Amargosa Desert began in the mid 1950's, concurrent with the opening 
of Amargosa Farms to Desert Land Entry settlement. An extensive study by Walker and Eakin (1963) of the 
southeastern two-thirds of Amargosa Desert included the collection of water-level and geochemical data, an 
assessment of ground-water mass balance, and recognition of ground-water discharge at Ash Meadows in the 
context of a regional ground-water flow system. Water-level data were also presented by Thordarson and 
Robinson (1971), Larson (1973,1974), Hanes (1976), Carson (1979,1980), and Nichols and Akers (1985). 
Water-level data for basins adjacent to Amargosa Desert were presented by Harrill (1982) and Robison (1984).

Numerous interpretive studies, pertaining especially to Ash Meadows and the Nevada Test Site, have 
been published. Studies related to local aspects of ground-water flow were done by Johnston (1968) and 
Darryll Leap (Purdue University, written communication, 1987). Regional studies focusing on Amargosa 
Desert and contiguous basins have been done by Rush (1970), Naff (1973), Naff and others (1974), Winograd 
and Thordarson (1975), Dudley and Larson (1976), and Winograd and Doty (1980). Studies including simula 
tion of ground-water flow beneath Amargosa Desert were done by Waddell (1982), Czarnecki and Waddell 
(1984), Czarnecki (1985), and Rojstaczer (1987). Hydrochemical studies were done by Eakin and others 
(1963), Winograd and Thordarson (1975), Winograd and Pearson (1976), and Claassen (1983).
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Numbering System for Wells and Springs

Amargosa Desert straddles the Nevada-California State line. A different well-numbering system is used 
in each Stale; both systems are used in this report to permit each well to be numbered compatibly for the State 
in which it is located. A discussion of each system is given below.

Nevada System

The numbering system used in Nevada is based on an index of hydrographic areas (Rush, 1968) and the 
rectangular subdivision of the public lands referenced to the Mount Diablo base line and meridian. Each site 
designation consists of four units separated by spaces: The first unit is the hydrographic area number. The 
second unit is the township, preceded by an N or S to indicate location north or south of the base line. The 
third unit is the range, preceded by an E to indicate location east of the meridian. The fourth unit consists of 
the section number and letters designating the quarter section, quarter-quarter section, and so on (A, B, C, and 
D indicate the northeast, northwest, southwest, and southeast quarters, respectively), followed by a number 
indicating the sequence in which the site was recorded. For example (figure 2), site 230 S12 £47 19ADC1 is 
in Amargosa Desert (hydrographic area 230), and is the first site recorded in the southwest quarter of the 
southeast quarter of the northeast quarter of section 19, Township 12 South, Range 47 East, Mount Diablo 
base line and meridian.

California System

Wells in the California part of Amargosa Desert are numbered according to their location in the rectan 
gular system for subdivision of public land, referenced to the San Bernardino base line and meridian. For 
example, the well 230 N24 £05 01R is in Amargosa Desert (hydrographic area 230), and is the first well 
recorded in the 40-acre subdivision designated R of section 1, Township 24 North, Range 05 East, San 
Bernardino base line and meridian (figure 2).

Basic Data

The basic data on water wells and ground-water levels collected during this study are stored in the ground- 
water site inventory files of the U.S. Geological Survey National Water Data Storage and Retrieval System 
(WATSTORE) data base. Retrievals of this information may be obtained through the U.S. Geological Survey 
District Office in Carson City, Nev., or through any designated National Water Data Exchange (NAWDEX) 
assistance center.

Method of Measurement

Water-level measurements were made during January-March 1987 in approximately 150 wells. New 
and historical data for these and other wells in the previously established networks are presented in table 1. 
Measurements were timed so that discharge due to pumping and evapotranspiration would be minimal and 
water-levels would be at their highest levels for the year.
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Water-level measurements in wells and open boreholes were made primarily with a steel tape, but electric 
tapes occasionally were used. Measurements were recorded to the hundredth of a foot and rounded in table 1 
to the nearest tenth due to the possibility of errors resulting from: (1) tape stretching, (2) settling of casing, 
(3) changes in barometric pressure, (4) evaporation of water on the tape while the tape was being removed 
from the well, and (5) human error in reading the tape marks. Water-level accuracy from previous studies by 
the U.S. Geological Survey and Nevada Division of Water Resources is also considered to be accurate to 
within ±0.1 foot. Accuracy of water-levels recorded on drillers' logs is considered to be ±1 foot.

For vertical gradients in nested piezometers and changes of water-level with time, the accuracy limit of 
measurements is considered to be ±0.1 foot. For water-level contours, and vertical gradients at well clusters, 
accuracy is considerably less because of the inaccuracy of measuring land altitude. An accuracy limit of ±0.1 
foot for surveyed wells, ±5 feet for wells in closely surveyed areas such as Amargosa Farms, where land- 
surface altitudes for each section corner appear on 15-minute maps, and ±20 feet for all other wells is 
considered reasonable.

Inaccuracies may also be made in evaluating the height of the measuring point above land surface, but 
they are generally insignificant relative to the inaccuracies of measuring land-surface altitude. For all wells 
visited in 1987, the height of the measuring point was evaluated with a steel tape read to the nearest ±0.1 foot. 
Measuring-point heights from older U.S. Geological Survey reports and the Nevada Division of Water 
Resources are also considered to be accurate within this limit.

Another source of inaccuracy is the depth and length of well screen or uncased interval in a borehole. 
Ideally, all wells measured for horizontal gradients would be screened at the same depth below the water table. 
No correction for this effect was made because most production wells are screened 50 to 200 feet below the 
water table. The greatest discrepancies occur where vertical gradients are steep causing a substantial vertical 
component of hydraulic head. No correction for this effect was made because of the paucity of vertical 
gradient information relative to the distribution of wells measured for horizontal gradients.

HYDROGEOLOGY 

Geologic Framework

Rocks cropping out in the mountain ranges adjacent to Amargosa Desert range from Precambrian to 
Holocene in age and for the purposes of this report have been divided into four hydrogeologic units. From the 
oldest to youngest, these are: (1) Precambrian and Cambrian quartzite and dolomite; (2) Ordovician, Silurian, 
and Devonian dolomite and limestone; (3) Mississippian and Pennsylvanian limestone and interbedded shale; 
and (4) Tertiary and Quaternary rhyolitic and basaltic volcanics. Semiconsolidated and unconsolidated 
sediments of Tertiary and Quaternary age comprise a fifth hydrogeologic unit forming the basin fill. These 
units are shown in table 2. This division largely follows the classification of Winograd and Thordarson (1975), 
who identified the Lower Paleozoic sequence as an important aquifer of regional extent. Winograd and 
Thordarson identified Mississippian clastic units as a separate confining unit but they are lumped here with 
Pennsylvanian limestones because they crop out sparingly in the study area.
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Several episodes of Mesozoic and Cenozoic tectonic deformation were important in the development 
of Amargosa Desert hydrographic area (Carr, 1984). During the Cretaceous Sevier Orogeny, east-northeast 
striking, northwest verging folding, and older-over-younger thrust faulting occurred in the Paleozoic section 
(Mesozoic rocks are largely absent from the study area). The Specter Range, Point of Rocks, and Montgomery 
Thrusts were formed during this stress regime (plates 1 and 2.)

Following shortly, and continuing possibly into Middle Tertiary time, northwest-striking tear faults were 
formed. Virtually the entire area of Amargosa Desert was affected by this tectonism. Transverse movement 
along these features is on the order of tens of miles. More recent northwest-southeast oriented strain related 
to this system has been accommodated by movement along the Furnace Creek Fault, in the southern part of 
Amargosa Desert hydrographic area.

A northeast-trending zone of folds, normal faults, and topographic trends bisects Amargosa Desert, 
extending from the southern Funeral Mountains to the Specter Range. This zone, termed the Spotted Range- 
Mine Mountain fault zone (Carr, 1984) may be structurally related to an older tectonic regime; however, left- 
lateral shear along it strongly suggests a conjugate relation with northwest-trending deformation of Late 
Cretaceous and Early Tertiary age. A fault near Amargosa Valley (formerly called Lalhrop Wells) and faults 
in the southern Funeral Mountains may be related to this structural trend. Plate 2 shows the Bouguer gravity 
contours for Amargosa Basin. Continuations of high-angle faults (such as Ash Meadows fault) from bedrock 
into basin fill (Healey and Miller, 1971) are based largely upon these data.

Tertiary low-angle detachment faulting identified elsewhere in southeastern Nevada and in some places 
associated with metamorphic core complexes has been suggested as the mechanism of deformation of the 
Boundary Canyon fault in the Funeral Mountains (R.H. Moench, U.S. Geological Survey, written communica 
tion, 1965). Precambrian gneiss and schist in the footwall (core complex) are overlain by Cambrian dolomites 
and Tertiary volcanic rocks in the hanging wall. Eagle Mountain and parts of the adjacent Resting Springs 
Range have also been postulated as detachment faults (R.H. Moench, U.S. Geological Survey, written com 
munication, 1965), but the evidence is less certain as the detachment surface is not exposed.

Block faulting related to Basin-and-Range deformation appears to have occurred along pre-existing 
structures of northeast and northwest orientation. A northwest-striking fault along the long axis of the basin 
that is uplifted to the southwest is suggested by the outcrop pattern of Tertiary conglomerates (figure 3), but is 
nowhere mapped in outcrop. Recent southward tilting of the basin is indicated by: (1) the tendency for 
topographic lows and playas to lie at the southern edge of their respective subbasins; and (2) the tendency 
of Amargosa River to traverse the southwest edge of Amargosa Desert.

The net effect of tectonism on ground-water flow is that intrabasin flow occurs along the boundaries of, 
or is constrained by, northeast and northwest-striking faults and fault blocks. The role of thrust faults is more 
subtle because this type of faulting can result in the duplication or deletion of aquifer units due to ramping of 
the thrust surface.
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Basin-fill lithologies have been subdivided into five units on the basis of rock type, mean particle size, 
degree of sorting, and induration (figure 3). These units are: (1) river-channel, (2) playa, and (3) alluvial-fan 
sediments, (4) freshwater limestones, and (5) Tertiary conglomerates. River-channel sediments are generally 
better sorted than alluvial-fan sediments, and grain size may range from clay to gravel. Playa sediments are fine 
grained, and poorly to well sorted. Alluvial-fan sediments are poorly sorted silt, sand, and gravel that are finer 
grained away from the mountain front. Freshwater limestones consist chiefly of fine-grained well-indurated, 
vuggy limestones that are relatively permeable. Tertiary conglomerates predominately are moderately indurated 
alluvial-fan sediments. Rhyolite flows and tuffs intercalated with basin-fill sediments are known from drilling 
records and outcrops adjacent to the basin. The interbedded volcanic rocks form leaky confining units 
(Winograd and Thordarson, 1975).

Water-Level Altitudes

Contours of water-level altitudes in basin-fill material are shown on plate 1. These contours were based 
on measurements in wells less than 500 feet deep although some other wells do penetrate up to 2,000 feet of 
basin-fill material. Contours indicate that the polentiometric surface in basin-fill material slopes southeast 
ward, parallel to the surface gradient of Amargosa River. Contours cross Bare Mountain, which is mostly 
carbonate rock, at a right angle, suggesting that Bare Mountain does not act as a barrier to ground-water 
flow. In the Amargosa Flat area, flow is southwestward toward the main axis of Amargosa Desert.

Figure 4 is a map showing depth to water in Amargosa Desert. Figure 4 shows depth to water for the 
entire desert area. Areas with the greatest depth to water are at the north end of the basin near Bullfrog Hills, 
and at the south end adjacent to the Greenwater Range. Areas with the shallowest depths to ground water are 
in Amargosa Flat, Ash Meadows, and near Franklin Lake playa.

A map of the polentiometric surface of the developed area (outlined on plate 1), made by using water- 
level data collected in the 1950's, is shown in figure 5. This map shows conditions during the least-developed 
period for which a record exists. A potentiometric-surface map of the developed area for 1987 is shown in 
figure 6. In areas where water-level data are abundant, the potentiometric surface is somewhat convoluted. 
The convolutions may be a function of: (1) hydrogeology, including local variations in hydraulic conductivity 
or subbasin geologic structure; or (2) pumpage of ground water. Undulations common to both the 1950's and 
1987 maps are probably related to local variations in hydrogeology, whereas differences between them may be 
related to water use.

The most prominent feature common to figures 5 and 6 is a northwest trending area of steep gradient that 
lies along strike of Ash Meadows Fault and is considered to be a direct consequence of the fault (Winograd 
and Thordarson, 1975). A ground-water high in the northwest corner of T. 16 S., R. 50 E. that is shown on 
both maps lies along strike of the Ash Meadows fault where it intersects both a ridge in the buried Paleozoic 
carbonate rocks and the trend of the Spotted Range-Mine Mountain fault zone. Another feature associated 
with the Spotted Range-Mine Mountain fault zone is a northeast trending zone of steep gradient in the north 
west corner of T. 17 S., R. 49 E. These two features suggest that the Spotted Range-Mine Mountain fault zone 
is an important conduit for regional flow. In this area, the Ash Meadows fault appears to be a leaky dam to 
flow from the northeast along the Spotted Range-Mine Mountain fault zone.
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An east-northeast trending "ridge" in the potentiometric surface is located in the northern half of T. 16 S., 
R. 48 E. The "ridge" coincides with the subbasin extension of the Rock Valley normal fault mapped by Healey 
and others (1980, plate 1). This feature suggests that a weak connection between the regional flow system and 
basin-fill material occurs along the contact of the faulted carbonate rocks with overlying basin-fill material.

A northwestward deflection of the 2,260-foot contour in figure 6, creates a "trough" in the potentiometric 
surface near the current channel of Amargosa River. This deflection may reflect higher hydraulic conductivity 
of river channel sediments coupled with increased water use during the previous 30 years.

Figure 5, for the 1950's, shows a low in the potentiometric surface in the southeast corner of T. 16 S., 
R. 48 E. (about 10 feet below that of adjacent areas). The net change in altitude of the potentiometric surface 
between the 1950's and 1987 is shown in figure 7. The area of greatest change (greater than 30 feet) is in the 
area where the potentiometric surface was low in the 1950's. A net water-level change of less than 10 feet 
since the 1950's is indicated for the Ash Meadows area.

Hydrographs for 14 wells in Amargosa Desert developed area are shown in plate 3. The most rapid water- 
level declines occurred in the Amargosa Farms area. Areas distant from Amargosa Farms show little change 
with time. The hydrographs show that the period of most rapid water-level decline was the 1970's; the rate of 
decline decreased during the 1980's. This decrease may reflect establishment of a new steady-state condition, 
may be the result of decreased pumpage in Amargosa Farms and at Ash Meadows during the 1980's, or may 
be a result of several very wet years during the early 1980's. Probably all three factors contributed to this 
change in hydrograph shape.

Figure 8 is a generalized water-use map for Amargosa Desert developed area during the period 1985-87. 
Water withdrawal in irrigated areas was calculated by multiplying the acreage under cultivation by an annual 
allotment of ground water of 5 acre-ft/yr. This value is based on a survey by the Nevada Division of Water 
Resources during 1985 and field work by the author during 1986 and 1987. The accuracy of these calculations 
is estimated to be most affected by errors in calculating draft of water; the error may be significant in specific 
cases. Domestic wells are allowed to produce 1,800 gal/d or 2 acre-ft/yr. The density of domestic wells ranges 
from about 4 per square mile to 40 per square mile for the Amargosa Farms area. The water-use map agrees in 
a general way with hydrographs and water-table contour maps in that most areas of current maximum water 
use coincide with areas of greatest water-level decline.

Apparent Vertical Gradients

Vertical gradients were calculated for 21 nested piezometers, 1 well cluster, and 1 river and well pair. 
Vertical gradients are calculated using two closely spaced wells that penetrate to different depths in an aquifer. 
The difference in hydraulic head between the two wells divided by the difference in depth of the screened 
interval yields the vertical gradient. The data are shown in table 3 and plate 4. Table 3 includes two levels of 
data reliability depending on the accuracy of: (1) land-surface altitude, (2) distance of separation of wells, and 
(3) well-screen length. The most accurate vertical gradients are from nested piezometers. A nested piezometer 
is a well that has several small-diameter casings inserted in it that reach to different depths and are separated 
from one another by clay seals. For the 16 pairs in this category, water levels are known within ±0.1 foot and 
well-screen lengths are generally less than 20 feet. This group can be identified in table 3 by the five-figure 
water-level measurements, and on plate 4 as sites with numerical values.
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FIGURE 5.~Water-level altitude for predevelopment (1950's) conditions in Amargosa Desert developed area.
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FIGURE 6.-Water-level altitude for 1987 conditions in Amargosa Desert developed area.
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FIGURE 7.--Net water-level change in Amargosa Desert developed area between 1950's and 1987,
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FIGURE 8.-Water use in Amargosa Desert developed area. Bare-soil evaporation estimates
from Czarnecki and Waddell (1984).
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The second level of accuracy is represented by the well cluster and the river and well pair. The cluster of 
two wells is separated by no more than 300 feet, and the wells have screens open for most or all their saturated 
length. This group includes only those well pairs with a head difference greater than half the land surface 
accuracy limit for each site (±5 feet for sites in Amargosa Farms, ±20 feet for others). Several of the well pairs 
in this category are wells which later collapsed in their lower portions. Where water-level and depth measure 
ments before and after collapse were known, a vertical gradient could be calculated.

Upward gradients in the central and southern part of Amargosa Desert are associated with: (1) freshwater 
limestones, (2) carbonate-rock outcrops, and (3) subbasin structures. The correlation with freshwater lime 
stones suggests that areas of current upward gradient were the locus of springs during pluvial times. The 
relative proximity of upward gradients to carbonate outcrops suggests the area is underlain in part or in whole 
by bedrock that is in hydraulic connection with the regional flow system. Upward vertical gradients near the 
State line appear to be related to the subbasin Spotted Range-Mine Mountain fault zone that is a conduit from 
the carbonate aquifer to the basin fill. Upward gradients in Ash Meadows and around Franklin Lake playa 
have been identified by Winograd and Thordarson (1975) as related to the regional flow system. Upward 
gradients along the north flank of the Greenwaler Range are uncommon. They may be related to a confining 
relation between Tertiary conglomerate and underlying or interlayered volcanic rocks. They may also be the 
result of interruption of the regional flow system where the Furnace Creek fault juxtaposes low permeability 
volcanic rocks against carbonate rocks that have significantly higher heads.

Downward gradients are strongly associated with consolidated Tertiary conglomerates, and crystalline 
and volcanic bedrock. Large downward gradients on the east flank of the Funeral Mountains appear related to 
recharge from Bullfrog Hills and the Funeral Mountains. Downward gradients near the Resting Spring Range 
may be related to recharge from the range and suggest that basin-fill material in this area is not connected to 
the regional flow system at depth. Downward gradients in southern Amargosa Desert occur near the channel 
of Amargosa River.

Two well pairs have little or no vertical gradient, and one well pair and the well-stream pair appear to 
be perched. For the perched data, an indication of direction but not magnitude of vertical gradient is given in 
table 3.

Ground-Water Temperatures

Water temperatures are shown in figure 9. Water temperatures were taken from Nevada State Drillers' 
Logs and a report by Winograd and Thordarson (1975). Numerous factors affect the temperature in wells. 
A few of the more important include: (1) volume of ground-water pumped prior to sampling, (2) presence or 
absence of a vertical thermal gradient, and (3) the direction of ground-water flow. At Amargosa Valley, the 
average annual air temperature is 20 °C. The data show some tendency towards northwest and north-northeast 
elongation of warm and cool areas. Cool water areas (less than or equal to 20 °C) coincide fairly well with 
areas where surface-water recharge is most likely-lhe channels of Amargosa River, Crater Rat Wash, Rock 
Creek, Amargosa Flat Wash, and Fortymile Wash. The warmest area (greater than 30 °C) coincides with the 
Pahrump Hills, where numerous springs discharge from Paleozoic carbonate rocks. An area of slightly warm 
(greater than 20 °C) water approximately coincides with the trace of the Spotted Range-Mine Mountain fault 
zone but water-temperature data for the northwest corner of T. 16 S., R. 50 E. are unavailable.
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FIGURE 9.--Ground-water temperatures in selected wells in Amargosa Desert developed area.
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SUMMARY AND CONCLUSIONS

Interpretation of the data presented in table 1 for approximately 340 wells leads to several broad 
conclusions about the nature of ground-water flow in Amargosa Desert hydrographic area:

(1) The potentiometric surface in basin-fill materials mimics the land surface except along the Ash 
Meadows fault and where other subbasin structures allow upward flow from the underlying regional carbonate 
aquifer. Specifically, upward leakage occurs along the Spotted Range-Mine Mountain fault zone, and to a 
lesser degree along the Rock Valley fault This interpretation is also supported by the temperature and vertical- 
gradient data.

(2) Approximately 30 feet of drawdown in the potentiometric surface has occurred since the 1950's in 
the southcentral Amargosa Farms area. Hydrographs of wells in the area show a period of rapid decline during 
the 1970's, followed in the 1980's by less severe declines. The flattening of the hydrograph slope is probably 
related to changes in water use in the Amargosa Farms area and to unusually wet years during this period. 
Less than 10 feet of drawdown has occurred in the Ash Meadows area during the same period. Water levels 
near the edges of Amargosa Flat (where pumpage is minimal) have remained constant during this time.

(3) Steep vertical gradients are associated with wells that penetrate volcanic rocks and playa deposits. 
Smaller gradients occur in conglomerates, alluvial-fan deposits, and freshwater-limestone deposits. Upward 
vertical gradients are strongly associated with freshwater-limestone and playa deposits, and adjacent outcrops 
of carbonate rocks. Downward gradients are strongly associated with Tertiary conglomerates and adjacent 
outcrops of noncarbonate bedrock.

(4) A map of ground-water temperatures shows an approximate correspondence between warm waters 
and the Ash Meadows fault and Spotted Range-Mine Mountain fault zones, and between cool waters and the 
channels of major intermittent drainages in central Amargosa Desert. Temperature data suggest that recharge 
from the intermittent drainages occurs in this area.

Areas where more data would be helpful in defining the potentiometric surface are: (1) the north part of 
Amargosa Desert, particularly near Bare Mountain, where a connection to the regional flow system is implied 
by water-level contours that trend across the mountain front; (2) the area southwest of Amargosa Farms, where 
carbonate outcrops and the Spotted Range-Mine Mountain fault zone show evidence of regional flow towards 
Death Valley; and (3) the area near Furnace Creek fault at the south end of Amargosa Desert, where unex- 
plainable upward gradients were encountered. Recent (1988) mining activity in northern Amargosa Desert 
may contribute to knowledge of ground-water conditions there.
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TABLE 2. Hydrostratigraphic units of the ranges surrounding Amargosa Desert 
hydrographic area. After Hinograd and Thordarson (1975)

Age

Quaternary 
and 
Tertiary

Lithologic description

Basin fill.   Playa and freshwater limestone 
deposits, dune sand, stream-channel 
deposits, alluvial fan deposits, inter- 
bedded sandstone, limestone, siltstone,
and tuff. Includes Titus Canyon Formation.

Hydrologic 
character

istics

Local 
aquifer

Thickness
(feet)

0-5,000

Tertiary

Permian,
Pennsylvanian, 
Mississippian, 
and Devonian

Devonian, 
Silurian, 
and 
Ordovician

Late
Precambrian 
and Cambrian

Volcanics. Rhyolitic to basaltic flows 
and intrusions.

Limestone and shale. Minor chert, conglom 
erate, and quartzite. Includes Tippipah 
Limestone, Monte Cristo Limestone, and 
Eleana Formation.

Dolomite and limestone. Minor quartzite 
and sandstone. Includes Devils Gate 
Limestone, Nevada Formation (of former 
usage), Lone Mountain Dolomite, Roberts 
Mountain Formation, Ely Springs Dolomite, 
Eureka Quartzite, and Pogonip Group.

Quartzite and dolomite. Minor schist, 
marble, limestone, and shale. Includes 
Nopah Formation, Emigrant Formation, 
Bonanza King Formation, Carrara Forma 
tion, Zabriskie Quartzite, and Wood 
Canton Formation.

Local
confining 
bed

0-20,000

Regional 7,800-12,300 
confining 
bed

Regional 4,700-5,100 
aquifer

Regional 13,500-16,500 
confining 
bed
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TABLE 3. --Vertical gradient calculations

[All measurements

Local well 
number

S12 E47
Amargosa

SI 3

513

S13

S13

S14

SI 4

S14
S14

S16
S16

S17
517

S17
S17

SIS
SIS

S18
S13

S18
SIS

519
S19

E46

E46

E46

E46

E46

E46

E47
E47

E51
E51

E49
E49

E52
E52

E51
E51

E51
E51

E51
E51

E50
E50

19ADCB1
River

34ACCC1

34ACCC1

35ADDDI

35ADDD1

08BBDD1

08BBDD1

32DA1
32DA2

27BAA4
27BAA5

20BCAC1
20BCAC2

08CDB1
08C3DC1

07DA1
07DA2

30DD1
30DD2

34CB1
34CB2

02AA1
02AA2

Total 
well 
depth

126
1

1,500

321

bl,180
b470

b750

b380

960
323

828
665

1,970
100

246
135

780
415

1,197
43

1,580
123

2,000
163

Well 
screen 
length

91
1

a l,150
a 77

a 592

a 53

a284

a 26

10
3

178
90

10
3

198
44

770
120

10
3

10
3

10
3

Well 
screen 
mid 

point 
depth

Nevada

76
1

925

283

884

444

608

367

935
321

739
620

1,944
98

141
113

395
355

1,171
41

1,554
121

1,974
162

in feet]

Water Difference 
level in head 

altitude (dH)

Differ 
ence in 
screen 
midpoint Vertical 
depth gradient 
(dZ) (dH/dZ)

Hells

3,
3,

2,

2,

2,

2,

2,

2,

2,
2,

2,
2,

2,
2,

2,
2,

2,
2,

2,
2,

2,
2,

2,
2,

152 28
180

880 106

986

452 171

623

754 112

866

355.4 0.0
355.4

360.4 2.2
362.6

214.1 4.4
218.5

360 4
356

299 4
295

255.6 1.7
257.3

342.0 6.6
348.6

075.2 126.1
201.3

75 0.37 D

642 0.17 D

441 0.39 D

241 0.46 D

614 0.00 D

119 0.02 D

1,846 0.002U

28 0.14 U

40 0.10 U

1,130 0.002D

1,433 0.005D

1, 814 0.07 D
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TABLE 3.--Vertical gradient calculations--Continued

Local well 
number

Total Well 
well screen 
depth length

Well 
screen 
mid 

point 
depth

Water Difference 
level in head 

altitude (dH)

Differ 
ence in 
screen 
midpoint Vertical 
depth gradient 
(dZ) (dH/dZ)

California Wells

N24 EOS 23R1
N24 EOS 23R2

N24 EOS 24J1
N24 EOS 24J2

N24 E06 07A3
N24 E06 07A1

N24 E06 07B3
N24 E06 07B2

N25 E04 21M1
N25 E04 21M2

N25 E06 30K1
N25 E06 30K3

N25 E06 30Q1
N25 E06 30Q4

N25 E06 31Q3
N25 E06 31Q2

N25 E06 32C5
N25 E06 32C3

N26 EOS 05E1
K26 E05 05E2

N26 EOS 21C1
N26 E05 21C1

1, 412
340

1, 400
120

31
20

35
15

2,000
4<30

29
21

33
6

16
8

32
5

1,090
23

1,680
1C3

10
3

10
3

0
0

0
0

10
10

0
0

0
0

0
0

0
0

10
3

3
3

1,383
338

1,374
118

31
20

35
15

1,974
435

29
21

33
6

16
8

32
5

1,065
21

1,655
101

1,916.1 14.6
1,901.5

1,991.4 1.9
1,993.3

1,990.5 0.7
1,989.8

1,994.1 1.4
1,995.5

2,316 24
2,292

2,007.9 3.4
2,011.3

2,027.5 9.8
2,017.7

2,026.6 9.6
2,016.5

2,006.1 4.0
2,002.0

2,177.7 5.4
2,172.3

2,105.1 2.3
2,107.4

1,045 0.01 U

1,256 0.002D

11 0.06 U

20 0.07 D

1,539 0.02 U

8 0.43 D

27 0.36 U

8 1.20 U

27 0.15 U

1,044 0.005U

1,554 0.001D

Unscreened well-screened interval taken as saturated length of well.
 Q

Water level and well depth taken from geophysical logs. Bottom of well 
later collapsed and new water level and well depth were recorded. No correction 
for change in head with time (dH/dT) was made because of short time intervals 
involved.
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